This research employed the Generalized Autoregressive Conditional Heteroskedasticity-in-Mean-Autoregressive Moving Average (GARCH-M-ARMA) and the Exponentially Generalized Autoregressive Conditional Heteroskedasticity-in-Mean-Autoregressive Moving Average (EGARCH-M-ARMA) models to investigate the spillover and leverage effects in the returns and volatilities of precious metal (base metal) ETFs. Significant positive relationships were found between precious metal (base metal) ETFs and precious metal (base metal) price indices. Further, the positive relationship between risk and return was illustrated in daily precious metal (base metal) ETFs.
In the literature concerning different categories of ETFs, many authors have concentrated on the characteristics of different kinds of ETFs. Leveraged ETFs have larger volatility than traditional ETFs [2] . Price deviations present differently between bull and bear ETFs. For example, bull ETFs trade at a discount or at a slight premium to their net asset values, whereas bear ETFs trade at a larger premium. The premiums of bull (bear) ETFs show different reactions with the returns on their own benchmarks such as negative (positive) correlations. Chen [3] gathered data on returns of volatilities and leverage effects for both ethical and non-ethical ETFs against benchmark indices, and estimated the spillover effect after negative ethical screening was applied on ETFs. The current stock index returns are influenced by the lagged ethical ETF returns, and a bilateral relationship exists between them. Blitz and Huij [4] compared the performance of emerging markets ETFs to developed markets ETFs. The authors found that emerging markets ETFs have higher levels of tracking error than developed markets ETFs, suggesting that emerging markets ETFs have higher cross-sectional dispersion in stock returns.
Precious metals are known as metals that are scarce and naturally occurring metallic elements with high economic value. They are also considered an investment hedge against risk when the economy is unstable or has a financial crisis. Precious metals maintain their stored value function and are effective investment tools. They can also be utilized for practical usages. Thus, the demand for precious metals has increased significantly. This phenomenon has caused the volatilities in the prices of these types of metals to be remarkably attractive in recent years. In addition, with the development of sophisticated technology in many manufacturing fields, precious metals are now considered important materials. Some of these precious metals are unique and non-substitutable materials, and producers have to trade them at high prices, especially when the market has large volatility. Moreover, there are hundreds of tracked or benchmarked indices that are categorized by mutual funds and ETFs based on different criteria, such as bond/fixed income, commodity, currency, diversified portfolio, equity, inverse, leveraged, and real estate indices. However, to date, no empirical study has focused on precious metals and base metals ETFs. Furthermore, investment in precious metals (base metals) ETFs may be a reasonable approach when investors consider diversifying their investment portfolios. Therefore, the aim of this research is to concentrate on precious metal ETFs in different approaches and make comparisons with base metal ETFs to represent the differences between the distinguished metal ETFs. The GARCH model was developed by Bollerslev et al. [5] and is considered the most appropriate model to fit the feature of ETFs and precious metal indices.
Since these models have high peakedness and fat tails compared with a normal distribution, they allow for time varying conditional correlation of these stock markets [6] . Furthermore, the advantage of these models represents the ability to model the dynamic behavior of financial investment tools. By using the GARCH approach, there are many studies mentioned on unilateral and bilateral return influences and leverage effects. These studies include Wei et al. [7] , Bhar and Nikolova [6] , and Korkmaz et al. [8] studied about stocks. Chan et al. [9] and Zhong et al. [10] , Kanas [11] and Zhang et al. [12] examined futures and commodities. Therefore, this section presents the empirical evidence that ETFs and their precious metal indices represent unilateral or bilateral influence through positive and negative effects on each other. Previous empirical research has not yet mentioned the interdependence of precious metal ETFs and precious metal indices. Consequently, the purpose of this study is to explore the spillover and leverage effects from the returns and volatilities of precious metal ETFs and precious metal indices and vice versa. This study utilized both the generalize autoregressive conditional heterokadasticity in mean (GARCH-M)-autoregressive moving average (ARMA) models and the exponentially generalized autoregressive conditional heterokadasticity in mean (EGARCH-M)-autoregressive moving average (ARMA) models. The motivation for examining volatility spillovers is as followed. First, in recent decades, the precious metal prices have increased sharply, especially the price of gold. The demand for precious metals for manufacturing has increasingly gone up as these rare metals have become scarce. On the contrary, precious metal ETFs presented unstable trends in volatility. This leads to some degree of interdependence between precious metal ETFs and precious metal indices. Hence, investors may recognize the signal of market trends that influence allocations of investors throughout transmission effects. Second, positive and significant spillover effects of volatility might raise the nonsystematic residual portfolio faced by investors. Thus, the findings of spillover of returns, volatilities, and leverage effects play an important part for investors and fund managers to reduce the gains from portfolio diversification. Third, an understanding of the linkages between the volatility of precious metal ETFs and precious metal indices may help investors hedge and manage both precious metal ETF and precious metal index exposures. Finally, no empirical study has concentrated on these interdependences, hence this is the first approach that highlights the linkages between the volatility of precious metal ETFs and precious metal indices. Our findings provide valuable information to the investing community on creating market perspectives and excess returns.
The main results of this paper are presented as follows. This paper has demonstrated that all precious metal (base metal) ETFs have exhibited strong evidence of volatility asymmetry. The paper has detected the significant positive effects of lagged precious metal (base metal) price returns on current precious metal (base metal) ETF returns and vice versa. The evidence of positive unilater- 
Literature Review
The topics of interdependence of financial markets have received great attention in financial literature, especially for augmented return and volatility spillover effects. The application of spillover effect was implemented by researchers in different kinds of financial variables, such as commodities, exchange rate, bonds, futures, and options, particularly in stocks and ETFs. The research of spillover and leverage effects between different markets has been discussed. Kanas [11] focused on the volatility spillover across stock returns and exchange rate changes in six countries. These relationships have become stronger since the stock market crash in 1987. Zhang et al. [12] have shown three spillover effects such as mean spillover, volatility spillover, and risk spillover between the US dollar and international crude oil prices. A strong long-term equilibrium cointegrating relationship was detected between the two markets. Moreover, the apparent volatility and clustering between the two markets were also significantly indicated. Regarding the spillover effects between stock markets and futures markets, Chan et al. [9] showed a significant intermarket dependence in the volatility of S &P 500 stock index and stock index futures markets. As for the approach of modified EGARCH models, Zhong et al. [10] estimated the spot market and futures market of the Mexican stock index for spillover effects. Thus, futures price was proved a useful discovery instrument. The transmission volatility across stock markets has been examined in recent studies by Wei et al. [7] . They examined the volatility and price change spillover effects across developed and emerging markets. Interesting evidence proved that the New York market presented stronger influence than the Tokyo market over the Taiwan and Hong Kong markets; the Taiwan market performed more sensitively to developed markets over Hong Kong markets. Bhar and Nikolova [6] looked at the different levels of integration among Brazil, Russia, India, and China (BRIC) across their regions and the world in the post-liberalization period through bivariate EGARCH models. They found that India has exhibited the highest integration of its stock index to the world and was followed by Brazil, Russia, and China. Korkmaz et al. [8] observed the low contemporaneous return and volatility spillover effects in six emerging markets, and these stock markets represented a higher degree of co-movement relationship.
For literature concerned with spillover effects, we continue to apply other financial variables, such as ETFs, that were close references to our study. Kim [13] detected the difference between the periods before and after the global financial crisis in cointegration and spillover effects between U.S. and Asian-Pacific ETF markets. The U.S. stock market has still maintained its position as the major driver in Asia-Pacific stock markets through the strong spillover effect of shock and volatility among these ETF markets. Krause and Tse [14] observed volatility and return spillovers in Canadian and U.S. industry ETFs to address the price discovery flows from the U.S. to Canada for industry ETFs. Negative returns play a major role in the return-creating process, and asymmetric volatility is given in all U.S. volatility spillovers, appearing bi-directionally in financial and technology sectors. Likewise, basic materials and energy sectors of the U.S. to
Canada also reveal bi-directionally pattern. Curcio et al. [15] revealed that real estate ETFs affected the volatility of their underlying real estate stocks. The evidence showed a significant increase in the volatility of their component real estate ETFs. The high volatility was the leveraged ETFs to the Dow Jones US real estate and financial Indices, followed by traditional ETFs. The last was the linkage between leveraged ETFs and the Russell 1000 financial services index.
Empirical research has been used in other studies such as Chen and Huang [16] . They carried out a multiple GARCH-ARMA and EGARCH-ARMA to recognize the spillover and leverage effects of both returns and volatilities when analyzing the relation between stock indices and ETFs in nine stock markets.
The authors showed evidence that bilateral effects and asymmetry volatilities exist between the stock indices and ETFs for developed markets as well as emerging markets. With a similar approach, Chen [3] considered five ethical ETFs and compared them with other five non-ethical ETFs to observe a different period of times to detect the spillover and leverage effects between them. The author proved that the lagged ethical ETF returns affected the current stock index returns or the existence of the bilateral relation between them.
Despite the increasing trading of ETFs in financial market, helping to enhance the liquidity of security in recent decades, the research which empirically documented the link between ETFs performance and their impacts of spillover and leverage effect is still scarce, especially for precious metal ETFs. This study contributes new look on financial time series literature related precious and base metal ETFs and may be implemented for other financial instruments, especially for researchers and policymakers. Investors based on empirical results might have appropriate strategies to avoid risk and make profits through optimal portfolio.
Data and Methodology
This study chose four precious metal ETFs and four base metal ETFs to test for The EGARCH was developed by Nelson [17] , and was applied by Chen [3] and Chen and Diaz [18] based on the conditional heterokedasticity and asymmetric volatility. This article captures the spillover and leverage effects of both precious metal ETFs and precious metal indices through a mixture of the GARCH (p, q)-M-ARMA (g, s) and EGARCH (p, q)-M-ARMA (g, s) models.
Chou [19] and Lanne and Saikkonen [20] mentioned the GARCH-in-Mean model derived from an alternative distribution, namely, z distribution, which can be determined as a variance-mean mixture of normal distributions. The GARCH-M model was applied to examine the relationship between risk and return in daily data of the precious metal (base metal) ETF and precious metal (base metal) price index.
The model for precious metal (base metal) ETFs are determined as follows: The residual series has to show evidence of heterokadasticity. Thus, the equation below supports that assumption as:
The residual series will not reach zero, hence the null hypothesis of the correlation among p = n periods is rejected. The residual series exists in the heterokadasticity.
The spillover and leverage effects for ETF returns are estimated through the following equation: 
, z and k coefficients denote the relationship between risk and return for the standard deviation, and should be positive such as in the previous studies of
Chou [19] and Lanne and Saikkonen [20] in the GARCH-M model.
In this part, the test of leverage effects is employed to capture the asymmetric volatility parameter ( i δ ) that is given in the EGARCH model. The significance of a negative value for δ represents the appearance of the leverage effect in precious metal index returns within the sample period.
To determine the spillover effect of returns and volatilities for precious metal index as well as precious ETFs, the multiple GARCH (p, g)-M-ARMA (g, s) and EGARCH (p, g)-M-ARMA (g, s) models were utilized. The estimations are exhibited in the following:
1) The spillover effect on returns
This part details the reason why spillover effects can allow accuracy on the interdependence between precious metal (base metal) ETF returns and precious metal (base metal) index returns, and how they can affect each other by market shocks (news). It is given as: 
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, , , 2) The spillover effect of volatilities This part also broadens the possible spillover effects by considering the influence of cross-market dynamics on precious metal index volatilities and precious metal (base metal) ETF volatilities. The equations are described as: to be significant in the previous studies of Chou [19] , Lanne and Saikkonen [20] , Chen [3] , and Chen and Diaz [18] . Table 1 presents the average returns of precious metal and base metal ETFs since their inception date. The gold price had the highest return of 0.454%, whereas nickel price received the lowest return at −11.92. The samples were negatively skewed and the kurtosis coefficients had leptokurtic distributions. Moreover, the Jarque-Bera was used to test for residual normality, and showed that all ETF returns were under a non-normal distribution assumption.
Empirical Results
The ADF unit root test is utilized to test the null hypothesis of stationary of a time series in Table 2 . The Akaike Information Criterion was used to choose the optimal ARMA, GARCH, and EGARCH models based on the minimum value.
The null hypothesis for serial correlation of all precious metal (base metal) ETF and precious metal (base metal) price returns cannot be rejected using the Breush-Godfrey LM test. The ARCH-LM test was considered to test for the ARCH effects that the null hypothesis of no ARCH effect of all the time series was rejected. The ARCH-LM test was carried out to examine the hypothesis with no autoregressive conditional heterokedasticity for both GARCH-M-ARMA and
EGARCH-M-ARMA models were applied to capture the leverage effects through analyzing the significance of autocorrelation. The precious metal (base metal) ETF and precious metal (base metal) price returns were verified through conditional heterokedasticity. According to previous papers on asymmetry returns by Kanas [11] , Bhar and Nikolova [6] , Chen and Huang [16] , and Chen [3] , the results of GARCH-M-ARMA and EGARCH-M-ARMA estimation in the presence of leverage effects and spillover effects are detailed in Table 3 . The coefficient of leverage effects (δ) indicated a significant negative asymmetric volatility effect in most precious metal (base metal) ETFs and precious metal (base metal) prices. Nonetheless, a positive asymmetric volatility effect was shown for the lagged of silver price to the current return of the silver ETF. By employing both GARCH-M-ARMA and EGARCH-M-ARMA approaches, this paper takes into account the spillover effect of precious metal (base metal) ETF and precious metal (base metal) price on returns and volatilities and vice versa.
1) Spillover effect of return
The GARCH-M-ARMA model the coefficient of lagged precious metal (base metal) price returns (ԝ) and lagged (base metal) ETF returns were observed to have an effect on the current precious metal (base metal) price returns and precious metal (base metal) ETF returns. Table 3 shows the positive effect of lagged precious metal (base metal) price returns to ETF returns that were significant at the 1% level for GLD, JJN, JJT, and LD, and at the 10% level for PTM. This finding is accordance with the previous studies of Chen and Huang [16] , Chen [3] and Chen and Diaz [18] who presented evidence of positive returns transmission on ETFs.
With precious metal ETFs, GLD was found to have a significant positive bilateral relationship with precious metal prices at the 10% level. If there is an increase (decrease) in the price of precious metal return in previous to the trading day, there may be a rise (decline) in precious metal ETF return in the current trading day and vice versa. At the 10% level significance, the precious metal ETF return had a positive relationship with the precious metal index return. While base metal ETFs exhibit positive bilateral relationships with their base metal indices at 1% level of significance, JJC showed a unilateral relationship. These findings might help investors or speculators reach a realized gain or hedge for risk from portfolio diversification. Likewise, the increase in one asset return creates a possible opportunity in investment. The exposure in precious metal ETFs and precious metal indices can be managed and controlled by investors. Therefore, the bilateral linkage revealed spillover effect in returns of among precious metal (base metal) ETFs and precious metal (base metal) prices, and was found through applying EGACRH-M-ARMA model. Positive bilateral relationships on these ETFs are in line with the findings of Chen [3] and Chen and Diaz 2) Spillover effect of volatility The volatility transmission between precious metal (base metal) ETFs and precious metal prices have been presented in this paper. Out of four precious metal ETFs, all estimated coefficients of lagged precious price returns were found to be positively significant at the 1% level on the volatilities of current precious metal ETFs. A one-way positive relationship between GLD and gold price index exhibited that lagged gold price has a strong positive effect on current gold ETF (GLD). This finding suggests that investors and traders have the sensitivity of gold ETF with the influence of the gold price. The lagged gold ETF did not have any effect on the current gold price, which means that gold is a distinct market. This evidence was also argued in the previous research of Batten et al. [21] on the distinctness of the precious metal market, and other studies on gold price, such as Sjaastad [22] , Shafiee and Topal [23] and Wang and Chueh [24] . However, the positive significant volatility spillovers in a bidirectional way are evident during the period for SLV and PALL with silver and palladium price indices. This finding is consistent with the conclusion of Batten et al. [24] in the case of silver, while investigating the precious metal market.
For base metal ETFs, the significance of positive bilateral relationships is illustrated for three pairs of JJC, JJN, and JJT at the 10% level. The relationship between lead ETF (LD) return and lead price return represents the one-way relationship at the 1% level. The lagged lead ETF had a positive effect on the current lead price. This finding is in accordance with the study of Xiarchos and Fletcher [25] in terms of the copper market, while looking at the metal market. These results are evidence that precious metal (base metal) ETFs have an influence on the volatility of precious metal (base metal) market returns and vice versa. Thus, diligent trading of precious metal (base metal) ETF market may create strong active effects on the movement of market indices. These results are also in line with the conclusion of Chen and Huang [16] and Chen [3] on the bidirectional way in the volatility of ETFs. Investors and speculators can rely on these results to design optimal buying and selling strategies to increase the liquidity of their portfolio assets.
3) Relationship between returns and risk Another advantage of examining spillover effects is that exploring the return or risk in precious metal (base metal) ETFs and precious metal (base metal) price indices can lead to an increase or decrease in each other through standard deviation. The finding in this research exhibits the contribution of the relationship between risk and return in daily ETFs and precious metal (base metal) markets with the positive correlation. This result is accordance with Morales and Bernadette [26] on the precious metal market, and Chen and Huang [16] and Chen and Diaz [18] on ETFs.
Conclusions
The spillover and leverage effects on returns and volatilities are captured by uti- Referable to the data limitation of short span for about eight years, the timeline of precious metal series is limited which might provide insufficient results. Future study can extend the time period in order to receive more reliable solutions for bringing down the mixed results.
